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Context. The universality of the Cepheid Period-Luminosity relations has been under discussion since metallicity effects have been 
assumed to play a role in the value of the intercept and, more recently, of the slope of these relations. 

Aims. The goal of the present study is to calibrate the Galactic PL relations in various photometric bands (from B to K) and to compare 
the results to the well-established PL relations in the LMC. 

Methods. We use a set of 59 calibrating stars, the distances of which are measured using five different distance indicators: Hubble 
Space Telescope and revised Hipparcos parallaxes, infrared surface brightness and interferometric Baade-Wesselink parallaxes, and 
classical Zero-Age-Main-Sequence-fitting parallaxes for Cepheids belonging to open clusters or OB stars associations. A detailed 
discussion of absorption corrections and projection factor to be used is given. 
^\ • Results. We find no significant difference in the slopes of the PL relations between LMC and our Galaxy. 

' Conclusions. We conclude that the Cepheid PL relations have universal slopes in all photometric bands, not depending on the galaxy 

I under study (at least for LMC and Milky Way). The possible zero-point variation with metal content is not discussed in the present 

, work, but an upper limit of 18.50 for the LMC distance modulus can be deduced from our data. 
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' 1 . Introduction an accuracy slightly worse than the HST measurement (5.2% vs 

■ ■ ■ ' 4.1%). 
Soon after the release of Hipparco s measurements of Cepheid 

parallaxes (iPerryman & E"SAlll997h . iFeast & Catchpoll (Il997h . „ , t. -j j- . . ^ ■ , ■ . 

■ ^ , , TT ; rrr IT ■ j~r '■ Z , c in parallel, Cepheid distances estimated via several variants 

intended to re-cahbrate the Penod-Lurmnosity relation or j- , , ,, , ■ i 

„ , . , . ^, a- . 1 1. or the Baade-Wesselink method have been secured. We use here 

Cepheids using these parallaxes, with a connictual result on the ^ . . ■Tj-r.ioj- t-. i i 

,. f ^ T lit 11 • ^1 J ti two or these variants, the Infra-Red Surface Brightness tech- 

distance to the Large Magellanic Cloud. However, the accuracy . ,, ^ Tr.nAs / ' n ^- irrS^ i i 

f ^, . ° V 1- V J f u A- ^ ^ ^ A nique (hereafter, IRSB) (e.g.: Fougue & Gierera 1997ft and the 



of the zero-point was quite limited for such distant stars, and 
the derived LMC modulus depended heavily on the adopted PL 



Interferometric Baade-Wesselink method (IBW), where Cepheid 



g pulsation is d irectly measure d with a long-baseline interferome- 

' I ^ I J . ter (see. e.g.: lKerveIIa et al.]|2004bl) . The random uncertaintv of 

Later, [ Benedict et al. | (l2002|) obtained a parallax for 6 Cep, distances obtained via these techniques is very small (~ 3%), but 
using the Fine Guidance Sensor 3 instrument on board HST, with systematic uncertainties hamper a reliable calibration from this 
an accuracy of 4%, already better than the most accurate Cepheid ^.gthod alone. This mainly comes from uncertainty in the so- 
paraUax from Hipparcos {a UMi, 6%). Recendy, [Benedict et al.| called projection factor, which converts observed radial veloci- 
(|2007|) managed to measure 9 additional Cepheid parallaxes, us- ties to pulsation velocities. A recent discussion about which fac- 
ing FGS Ir on HST, with a mea n accuracy of 8%. tor should be ap pUed to these two tech niques (IBW and IRSB) 
Finally, Ivan Leeuwen et all (|2007|) published a revision of can be found in iNardetto et al.l ( |2004|) . This study, based on a 
Hipparcos parallaxes, with a typical improvement in accuracy hydrodynami cal model of 6 Cep ha s been then confirmed obser- 
for Cepheids of a factor two. a UMi is back at the top place, vationally by iMerand et al.l ( l2005l) using the accurate distance 
with an accuracy of 1.6%. But the second star, 6 Cep, still has measurement of this star by the HST. 
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Finally, the standard technique of deriving Cepheid distances 
from their association with an open cluster is still valid (see, e.g.: 
[Xammann et al. 2003) and will also be discussed here. 

Our goal is to calibrate the PL relation in various photo- 
metric bands (from B to K) using Galactic Cepheids of known 
distances, and to compare the resulting relations to those in the 
Large Magellanic Cloud (LMC). 

2. Observables 

2.1. Photometry 

For a Cepheid to enter our sample, we request photometry 
at le ast in B, V, 1^, J and K bands. We use the catalogue 
from lBerdnikov et"an (l2000l) for the visible photometry, sup ple- 
mented in a few cas es by data from lSandage et all ( 120041) and 
iGroenewegenId 19991) . These are intensity-mean values. 

For the n ea r-infrar ed bands, we started from the 
iBerdnikov et al.l (Il996al) catalogu e. However, it do es not 
include more recent measurements dBarnes et al. I ll997h . and it 
is not in a well-defined system, although it claims to be in the 
CIT system. 

We theref ore decided to use original intens it y-mea n 

values from IWe chetalJ (11984 . iLaney & Stobig (Il992h . 



iBarnes et al. ( 1997 ) and to convert them to the 2MASS system 
( Skrutskie et al.l 2006t) . which is the only near-infrared system 
covering the whole sky. Transformations from CIT and SAAO 
systems to 2MASS use the updated conversion relations from 
2MA SS web site ^ wh ich replace the original Carpenter's equa- 
tions (ICarpenterll200 ih . When several sources are available, we 
take a weighted average of transformed intensity-mean values, 
using the number of m easurements as a weight. When only 
IBerdnikov et al.l (Il996al) values are available, we did not go back 
to the original publication and assume that they are in the CIT 
system to convert them accordingly. If the intensity -mean values 
were n ot available fro m the origina l sourc e (case of lBarnes et al.l 



(Il997l) and Y S gr in IWelch et al.l (1 1 984 ). we used the values 
as published in lOroenewegenl (1 19991) (^SAAO system) and the 
corresponding conversion. All these recipes obviously limit the 
accuracy of the resulting magnitudes, but we have to live with 
it, as measuring good near- infrared light curves of bright stars is 
difficult nowadays. 



2.2. Absorption 
2.2.1. Extinction 

To correct observed magnitudes in each band for galactic ab- 
sorption, we n eed an estimate of the extinction E(B-V) and a 
reddening law. iTammann et al.l ( |2003|) (hereafter T03) discuss 
these issues in deta ils: they first adopt a revised Fernie's system 
dFernie et al.ll 1995b (hereafter F95) by converting extinction val- 
ues from various authors in Fernie's David Dunlap Observatory 
database of Galactic Classical Cepheid^ to Fernie's own mea- 
surements system, before averaging them. Then, they test for a 
possible scale error of this mean system and indeed detect that 
the mean F95 extinctions are too large by ~ 5%. 

In the present work, we m ake use of the recently pub- 
Ushed lLanev & Caldw"elil (|2007|) (hereafter L07) extinction val- 
ues, based on B V photometry. A test of these extinctions (so- 
lar metallicity assumed for all stars) vs. Fernie's original system 



(columns FEl and FE2 in his database, FBI if both present) for 
155 stars in common reveals that the L07 values are precisely on 
the corrected T03 system (see their Eq. 2 and Tab.lTji. 

We therefore adopt the L07 system as reference, and convert 
available data of each reference in Fernie's database using re- 
lations in Tab. [Tj where the symbols correspond to the column 
headings in the database. We replace values from lBersiej ( 1996h 
by the revised and more extensive data set published in lBersierl 
(I2OO2I) . Note that we adopt only a scale factor when the inter- 
cept of the linear relation is not larger than its uncertainty. Also 
note that we use the direct least-squares relation for conversion, 
which is the one giving unbiased results. This explains why all 
the slopes are smaller than 1 . 

We then adopt a weighted mean of the individual measure- 
ments corrected with the above formulae, with the weights com- 
puted as the square inverse of the typical uncertainty of a given 
source, derived from the above rms dispersions: we assume for 
instance that L07 and DWC equally contribute to the observed 
dispersion of their conversion relation, giving 0.018 uncertainty 
to each, corresponding to a weight of 3.2 each. We do not use 
the LS values in the mean, which probably correspond to older 
derivations of L07 values. For convenience, we list the results 
for the whole sample of 158 stars in Tab.|2] 

GT Car, SU Cr u and BG Cru do not appear in L07: for 
GT Car, we use its ISchechter et al.l d 19921) value of extinction 
from Fernie's database, converted to L07 system using the cor- 
responding equation in Tab.[Tl similarly for SU Cru and BG Cru, 
we use a weighted mean of their converted values of extinction 
from Fernie's databas e and iBersierl (l2002h . after rejection of a 
discrepant value from lFernie et al.l (1 1 995 ) for BG Cru. 



2.2.2. Reddening law 



For the reddening law, we adopt the ICardelli et al.l (Il989h sys- 
tem, contrarily to our previous works, wh ere the reddening law 
was derived fromlLanev & Stobid (1 1 9931) (hereafter LS93), and 
ICaldwell & Coulson ( 1987 ). This is not a matter of preference, 
but we had to derive absorption ratios for the 2MASS sys- 
tem, and Cardelli's formulae were suita ble for this purpose : 
we adopted isophotal wavelengths from Cohen et alj (2003b . 



' www.ipac.caltech.edu/2mass/releases/allsky/doc/sec6_4b.html 
- www.astro.utoronto.ca/DDO/research/cepheids/ 
table_colourexcess.html 



For the Cousins bands not given in Cardelli et al.l (II989 ). we 
used isophotal wavelengths from iBessell et al.l dI998l) . We ne- 
glect the small difference with effective wavelengths suitable for 
Cepheids colours. 

Cardelli's formulae depend on the total-to-selective absorp- 
tion ratio in V band, Ry. This ratio sl ightly depend s on the star 
colour and on extinction, but, as in iFouque et al.l (l2003l) . we 
adopt a constant value, because the colour dependency is not 
well established and in any case small for the c olour range of 
Cephe ids. We adopt the mean value derived by ISandage et alJ 
(12004 . namely = 3.23, and Rb ^ Rv + 1. Tab. [3] compares 
published values of these ratios in various bands. 

The small isophotal wavelength differences between SAAO 
and 2MASS systems do not explain the difference in infrare d 
total-to-selective absorption ratios between FFouque et al.ld2003l) . 
adopted from LS93, and the present work. The source of this 
discrep ancy is the different ap proach to derive the reddening law 
used bv lCardenietaP dl989l) and LS93. 

Tab.Hlgives our adopted reddening law for the various photo- 
metric bands, and the LS93 values for the SAAO infrared bands. 
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Table 1. Adopted conversion relations for extinction values, transforming E{B - V) (X) to the lLanev & Caldwelll ( l2007h system, by 
E(B - V) (L07) = aE(B- V) (X) + b. 



Authors 


F95 id 




slope 




intercept 




cr 


N 


wei 


ght 


Parsons & Bell (1975) 


PB 





908 


+ 


026 







064 


105 





3 


Yakimova et al. fl975) 


YT 





863 


+ 


017 


0.036 + 0.007 





034 


82 


1 


2 


Janot-Pacheco (1976) 


JP 





873 


+ 


077 







089 


30 





1 


Deanetal. (1978) 


DWC 





961 


±0 


012 


-0.014 ±0.005 





025 


77 


3 


2 


Pel (1978) 


PE 





945 


+ 


029 







047 


64 





5 


Kron& Roach (1979) 


KR 





867 


+ 


028 







072 


124 





2 


Feltz & McNamara (1980) 


FM 





890 


±0 


022 


0.039 ±0.013 





046 


54 





6 


Dean (1981) 


DE 





857 


±0 


034 







038 


35 





9 


Turner etal. (1987) 


TLE 





938 


±0 


050 







037 


21 


1 





Schechter et al. (1992) 


SACK 





861 


±0 


073 


0.039 ± 0.037 





034 


9 


1 


2 


Lanev & Stobie (1993) 


LS 





985 


+ 


008 







015 


45 






Fernie et al. (1995) 


EE 





952 


±0 


010 







029 


147 


1 


9 


Eggen(1996) 


EG2 





754 


±0 


045 


0.064 ±0.013 





043 


34 





7 


Bersier (2002) 







883 


+ 


021 


0.035 ± 0.009 





040 


64 





8 



Table 3. Comparaison of published total-to-selective absorption 
ratios in various bands. 



Filter R(A} 



Reference 



V 3.26 Berdnikov et al. (1996b) 

V 3.30 Fouaue et al. (2003) 

V 3.23 Sandage et al. (2004) 

V 3.1 Benedict et al. (200T) 

V 3.23 this work 

/c 1.86 Berdnikov etal. (1996b) 

/, 1.99 Fouaue et al. (2003) 

/c 1.95 Sandage e t al. (2004) 

1.73 Benedict et al. (2007) 

/c 1.96 this work 

J 0.82 Fouaue et al. (2003) 

J 0.88 Benedict et al. (2007) 

J 0.94 this work 

H 0.48 Fouaue et al. (2003) 

H 0.58 this work 

K 0.30 Fouaue et al. (20Q3) 

K 0.34 Benedict et al. (2007) 

K, 0.38 this work 



Table 4. Adopted reddening law from'Cardell i et al.l d 9891). us- 
ing isophotal wavelengt hs (in ^um) fromiBessell et al.l (Il998h for 
Cousins bands and from lCohen et al.1 (|2003|) for 2MASS bands, 
and R\ - 3.23. For comparison, LS93 values in the SAAO in- 
frared bands are also given. 



Filter 




A(A)/A(V) 


LS93 


B 


0.438 


1.310 




V 


0.545 


1 




R, 


0.641 


0.845 






0.798 


0.608 




J 


1.235 


0.292 


0.249 


H 


1.662 


0.181 


0.147 




2.159 


0.119 


0.091 



2.3. Parallaxes 

We will now give some details about the five methods we use to 
measure Cepheid parallaxes. 



2.3.1. Trigonometric parallaxes 

We use two sources of trigonome tr ic par allax es: HST paral- 
laxes, published by [Benedict et al.l (l2002h and iBenedict et al.l 
( 20071). and the rev i sed H ipparcos parallaxes of Cepheids, from 
Ivan Leeuwen et al] ( |2007|) . Table 1 of the latter reference com- 
pares the two sources for the 10 Cepheids measured by HST. 
It is clear that even for this selected sample of the best revised 
Hipparcos parallaxes, the HST measurements are slightly supe- 
rior The case of Y Sgr, where the discrepancy is much larger 
than the combined uncertainties, is worrying. 

In the present study, we adopt the HST parallaxes as refer- 
ence, and make use of the revised Hipparcos parallaxes only if 
their accuracy is better than 30% and they are not common to the 
HST sample: there are 8 such stars, 5 of them being classified as 
first overtone pulsator. 



2.3.2. IRSB parallaxes 

The Infra-Red Surface Brightness technique can give very pre- 
cise parallaxes when the radial velocity and light curves are well 
defined. However, they directly depend on the adopted value of 
the projection factor, which we will discuss in detail here. 

For the visibl e surface brightness versu s {V - K) colour re- 
lation, we still use lFouque & Gierenl ( ll997l) for consistency with 
previous work, although it has been superseded by more recent 
studies. In fact, all the more rec e nt calibrations dNordgren et all 
(120021) : iKervella et al] (l2004al) : iGroenewegeiil (|2004|) ). either 
based on giants or on Cepheids, confirm the validity of this cali- 
bration and of the hypothesis that stable giant stars and pulsating 
Cepheids obey the same relation. 

Since the p ublic ation of our last paper on IRSB distances in 



le puplic a 

iBarnes et al.l (l2005l) . which contained 38 Cepheids, many new 
measurements have been added to our database to reach a total 
of 70 stars. A separate publication describing these new results 
and giving references to the spectrosco pic and photometr ic data 
involved in this work is in preparation (IStorm et al.ll2008l) . 
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Table 2. Adopted weighted mean extinction values for the 155 Cepheids in lLanev & CaldweUl ( l2007h . GT Car, SU Cru and BG Cru. 



Star 


E(B ~ V) 


m.e. 


N 


Star 


E(B - V) 


m.e. 


N 


Star 


E{B - V) 


m.e. 


N 


U Aql 


0.360 


0.010 


10 


XCyg 


0.228 


0.012 


9 


XPup 


0.402 


0.009 


10 


SZAql 


0.537 


0.017 


9 


SU Cyg 


0.098 


0.014 


4 


RSPup 


0.457 


0.009 


10 


TT Aql 


0.438 


0.011 


8 


SZ Cyg 


0.571 


0.015 


5 


VZPup 


0.459 


0.011 


7 


FFAql 


0.196 


0.010 


8 


TXCyg 


1.130 


0.015 


5 


WX Pup 


0.301 


0.015 


4 


FMAql 


0.589 


0.012 


9 


VYCyg 


0.606 


0.019 


3 


WZPup 


0.227 


0.016 


4 


FN Aql 


0.483 


0.010 


7 


VZ Cyg 


0.266 


0.011 


6 


AQPup 


0.518 


0.010 


8 


V496 Aql 


0.397 


0.010 


7 


CD Cyg 


0.493 


0.015 


5 


AT Pup 


0.191 


0.010 


8 


V600 Aql 


0.798 


0.016 


4 


DT Cyg 


0.042 


0.011 


7 


BN Pup 


0.416 


0.018 


3 


77 Aql 


0.130 


0.009 


13 


MWCyg 


0.635 


0.017 


4 


LS Pup 


0.461 


0.015 


4 


RT Aur 


0.059 


0.013 


5 


V386 Cyg 


0.841 


0.017 


4 


SSge 


0.100 


0.010 


9 


RX Aur 


0.263 


0.012 


5 


V402 Cyg 


0.391 


0.025 


2 


GYSge 


1.187 


0.170 


2 


RWCam 


0.633 


0.016 


4 


V459 Cyg 


0.730 


0.019 


3 


USgr 


0.403 


0.009 


12 


RXCam 


0.532 


0.011 


7 


V532 Cyg 


0.494 


0.015 


5 


WSgr 


0.108 


0.011 


6 


RYCMa 


0.239 


0.010 


7 


V924 Cyg 


0.261 


0.025 


2 


XSgr 


0.237 


0.015 


9 


RZCMa 


0.443 


0.016 


4 


VI 726 Cyg 


0.339 


0.058 


2 


YSgr 


0.191 


0.010 


8 


SSCMa 


0.553 


0.011 


8 


ySDor 


0.052 


0.010 


9 


WZSgr 


0.431 


0.011 


8 


TWCMa 


0.329 


0.016 


4 


W Gem 


0.255 


0.010 


8 


XXSgr 


0.521 


0.017 


4 


UCar 


0.265 


0.010 


8 


RZGem 


0.563 


0.026 


4 


YZ Sgr 


0.281 


0.010 


7 


VCar 


0.169 


0.011 


6 


AA Gem 


0.309 


0.017 


4 


APSgr 


0.178 


0.010 


7 


SX Car 


0.318 


0.015 


4 


AD Gem 


0.173 


0.019 


3 


BB Sgr 


0.281 


0.009 


10 


UXCar 


0.112 


0.012 


7 


DXGem 


0.430 


0.015 


4 


V350 Sgr 


0.299 


0.010 


8 


VYCar 


0.237 


0.009 


9 


4- Gem 


0.014 


0.011 


7 


RV Sco 


0.349 


0.010 


9 


WZCar 


0.370 


0.011 


8 


VLac 


0.335 


0.017 


4 


RYSco 


0.718 


0.018 


6 


XX Car 


0.347 


0.012 


6 


XLac 


0.336 


0.011 


7 


KQ Sco 


0.869 


0.021 


5 


XY Car 


0.411 


0.014 


5 


YLac 


0.207 


0.016 


4 


V482 Sco 


0.336 


0.013 


6 


XZ Car 


0.365 


0.010 


8 


Z Lac 


0.370 


0.011 


7 


V500 Sco 


0.593 


0.016 


4 


YZ Car 


0.381 


0.012 


6 


RRLac 


0.319 


0.014 


6 


Y Set 


0.757 


0.012 


7 


AQCar 


0.165 


0.012 


6 


BGLac 


0.300 


0.016 


4 


ZSct 


0.492 


0.013 


6 


CT Car 


0.570 


0.025 


2 


GH Lup 


0.335 


0.018 


3 


RUSct 


0.921 


0.012 


7 


FRCar 


0.334 


0.014 


5 


TMon 


0.181 


0.011 


12 


SS Set 


0.325 


0.010 


8 


GlCar 


0.200 


0.011 


6 


SV Mon 


0.234 


0.010 


8 


CM Set 


0.721 


0.019 


3 


GTCar 


0.866 


0.029 


1 


TXMon 


0.485 


0.013 


6 


EVSct 


0.655 


0.013 


8 


^Car 


0.147 


0.013 


8 


CS Mon 


0.506 


0.018 


3 


V367 Set 


1.231 


0.025 


2 


RWCas 


0.380 


0.019 


5 


CV Mon 


0.722 


0.022 


7 


BQ Ser 


0.815 


0.025 


2 


SUCas 


0.259 


0.010 


9 


SMus 


0.212 


0.017 


7 


STTau 


0.368 


0.031 


3 


SW Cas 


0.467 


0.019 


3 


RT Mus 


0.344 


0.021 


6 


SZTau 


0.295 


0.011 


6 


SZ Cas 


0.794 


0.013 


4 


UUMus 


0.399 


0.015 


4 


RTrA 


0.142 


0.010 


8 


CF Cas 


0.553 


0.011 


7 


SNor 


0.179 


0.009 


10 


STrA 


0.084 


0.009 


10 


DDCas 


0.450 


0.017 


4 


UNor 


0.862 


0.024 


8 


ffUMi 


0.003 


0.013 


6 


DLCas 


0.488 


0.010 


9 


TW Nor 


1.157 


0.014 


4 


T Vel 


0.289 


0.010 


8 


FMCas 


0.325 


0.017 


4 


QZ Nor 


0.253 


0.016 


4 


V Vel 


0.186 


0.019 


6 


VCen 


0.292 


0.012 


9 


V340 Nor 


0.321 


0.018 


3 


RY Vel 


0.547 


0.010 


9 


VWCen 


0.428 


0.024 


6 


YOph 


0.645 


0.015 


9 


RZ Vel 


0.299 


0.010 


8 
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The projection factor p is defined as the ratio of th e pulsa- 
tional velocity to the radial velocity. Early studies (e.g.: ICarrol]| 
Il928l) only considered geometrical effects, namely limb dark- 
ening and atmospheric expansion at constant velocity, and ar- 
rived at values between 1.375 and 1.412 for visible linear limb- 
darkening coefficients uy between 0.8 and 0.6, respective ly. This 
is well represented by Eq. 6 in iNardetto et alj (|2006|) . p - 
1.52 - 0.18 uy. As the limb darkening is mainly related to the 



effective temperature and the surface gravity, it varies from one 
Cepheid to another. We already see that a single p-factor for 
all Cepheids cannot be but an over-simplistic approximation, 
and even a single p-factor for a given Cepheid is an approxi- 
mation, because its temperature and sur face gravity vary alon g 
the pulsation cycle (f or details, see, e.g.: iMarengo et akl (|2002|) . 
iMarengo et all (l2003b ). 
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And this is just the tip of the iceberg: p also depends on 
the proper amplitude of the pulsation velocity, on the lines under 
study, on the way the radial veloc ities are measur ed, on the spec- 
tral res olution, as first shown by iParsonsI (|1972|) . Following the 
work of lHindslev & Bell (Il986l) . who adapted the value of p for 
radial velocities measured through cross-correlation techniques, 
where many lines are mixed into the measurement of the corre- 
lation peak, we adopted as an approximation of all these effects 
p = 1.39 - 0.03 log P to represent the variation of the /^-factor 
with the period of the Cepheid (hereafter p(P) relation). This 
is obviously a rathe r crude approximati on, but it is difficult to 
be more specific. In iGieren et al. 1 (I2005h . we revised the coeffi- 
cients of this relation, because they lead to an apparent variation 
of the LMC distance with Cepheid period, in a sample of 13 
LMC Cepheids for which an IRSB distance was measured. At 
the same time, the new relation p - 1.58 - 0.15 log P leads to 
a better agreement between LMC and Galactic slopes of the PL 
relations in various photometric bands, raising again the hope of 
universal PL relations. Improvements in the modelling investi- 
gations also permit a better understanding of the various compo- 
nents of the /9-factor, but they lead to values more in agreement 
with our old relation (see e.g.: lNardetto et all2004l) . We will test 
the most recent relation based on these models a nd high resolu- 
tion sp ectroscopic observations, as published in iNardetto et al.l 
dlOOl, namely p = 1.366 -0.075 log P. In the case of suspected 
first overtone pulsators, we use the observed period to compute 
the corresponding p-factor, as in our previous studies, not the 
corrected period of fundamental pulsation. 

2.3.3. Interferometric Baade-Wesselink parallaxes 

The originality of the Interferometric Baade-Wesselink method 
compared to the classical IRSB technique is to measure di- 
rectly the angular amplitude of the pulsation of the star, in- 
stead of deducing it from photometric colours. In the last 
few years, the considerable improvement of the available 
long-baseline interferometry (LBI) instrumentation has shed 
a new light on the IBW technique. The first interferomet- 
ric ob servations of a Cepheid were obtained by iMou rard et all 
( Il997h . followed b y observat i ons f r om almost all operat - 
ing interferorn e ters jLane et al.l (l2000l) : iNordgren et all (|2000|): 



Table 5. Adopted parallaxes measured by the Interferometric 
Baade-Wesselink technique. The adopted p-factor is listed in the 
last column. 



iKervella et al] (l200ll): iKervella et all (l2004cl): iMerand et all 



(120051) : iMerand et al.l(l2006h : lMerand et al.l (l2007h ') 

The main difficulty in observing Cepheids by LBI is that they 
are rare and therefore relatively distant stars. As a consequence, 
they present small angular sizes, even for the closest ones. The 
Cepheid which has the largest angular diameter is ( Car, with 
3 mas, and a baseline of approximately 1 80 m is already required 
to fully resolve it in the infrared. As the pulsation amplitude of a 
Cepheid is about 20% of its size, the detection of the pulsation, 
necessary to apply the IBW method, is an even more challenging 
objective. On the 10 nearest Cepheids, an accurate measurement 
of the amplitude of the pulsation (to a few percent accuracy) 
requires a baseline length of 150 to 300 m. 

As a consequence, the distances to only eight Cepheids 
have be en m easured using the true IBW te chniqu e: 6Cep 
(Mera nd et alj l2005i). /;Aql (iLane et all l2002h, ygPor 
dKervella et al.1 (l2004d): iDavisI (|2006|) ). ^Ge m jLane etal " 



120021). Y Q ph (iMerand et al.l |2007|). £ Car jKervella et al 



(l2004bl):lDavis et al.l(l2006l) rw Sgr (IKervella et al.ll2004d) . and 



Y Sgr ( iMerandll2008l) . We choose in the present paper to focus 
on these stars only. 

Before integration, we interpolated the spectroscopic radial 
velocities using node-constrained cubic splines, as described 
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by IMerand et al.l (|2007|) . In the literature, the hypotheses used 
for the application of the IBW method may substantially differ 
among authors. In order to get an homogeneous set, we recom- 
puted the parallaxes using the original interferometric uniform 
disk diameters, a limb-darkening model from IClareti (l2000l) . 
and the p-factor adopted in Sec. 12.3.51 The derived parallaxes 
are given in Tab. |5] three of them have large uncertainties and 
are therefore excluded from the following analysis. The re- 
cent discovery of circumstellar envelopes around most Cepheid s 
for which interferometric measures exist (IKervella et all ( |2006|) . 
IMerand etall ( l2006l) . lMerand et al.l ( l2007l) ) has a clear impact on 
this method, the importance of which must still be assessed. 

2.3.4. Open cluster parallaxes 

We adopt the parallaxes for Cepheids belongin g to open clusters 
or asso ciations from the recent compilation by iTurner & Burkd 
(l2002h . No correction for the underlying assumed Pleiades dis- 
tance modulus (5.56) has been att empted, beca use the validity of 
such a correction is questionable dFeaslI 19991). The geom etrical 
parallax of RS Pup is adopted from lSandage 6110(120041) . 

The basic hypothesis underlying this kind of parallax mea- 
surement is that the Cepheid is indeed associated with the clus- 
ter. We will see below in Sec. |2.3.5] which Cepheids are dubious 
members of their association or cluster 

Pa rallax uncertainties as published by iTurner & Burkd 
(I2OO2I) seem too small, sometimes reac hing 1%. Based on the 
more realistic uncertainties published bv lHovle et al.l ( l2003h . we 
have set a minimum accuracy of 5%. 



2.3.5. Adopted parallaxes 

The status of known Cepheid parallaxes is the following, with- 
out taking into account Hipparcos parallaxes with a large uncer- 
tainty: 81 stars have a parallax from at least one distance indi- 
cator, 22 from two, 10 from three, 4 from four, and only 1 from 
the five distance indicators: see Tab.|6l Among the 10 stars with 
HST parallaxes, all have an Hipparcos parallax, 7 have IRSB, 6 
have IBW and 2 have ZAMS measurements, but all these mea- 
surements largely vary in quality. Moreover, we have to decide 
about the choice of the final p(P) relation to adopt. Obviously, 
the choice of the slope of the p(P) relation with logf has an 
influence on the slope of the PL relations, in the sense that a 
shallower slope of this relation (such as the small dependence of 
the classical relation) leads to a steeper slope in the PL relations. 
On the other hand, there are not enough HST parallaxes to settle 
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this slope definitively (there is only one long-period star in the 
HST s ample). 

In iGieren et al.l j2005l) . the slope of the p(P) relation with 
log P was constrained by individual distance measurements of 
13 LMC Cepheids, so that the LMC distance modulus derived 
from each of these stars did not depend on log P. Although this 
is a reasonable constraint, a precise determination was hampered 
by several facts: the period distribution of the Cepheids was not 
optimal, with all short-period Cepheids belonging to one single 
cluster, namely NGC 1866; the corrections for the position of 
each Cepheid with respect to the geometry of the LMC were 
model-dependent; the uncertainties of the long-period Cepheids 
distance moduli were too small to explain the observed disper- 
sion of the derived LMC distance moduli among these stars. A 
revision of this determination with additional stars is in progress. 
For the time being, we therefore prefer to r ely on the slope of the 
model relation from lNardetto et al] ( |2007|) . 

However, the zero-point of this relation is only valid for a 
well-defined way of measuring radial velocities from the ob- 
served metallic lines, namely the first moment of the line. As 
most of our radial velocities come from cross-correlation mea- 
surements, where the peak of the cross-correlation is generally 
measured by a gaussian fit, there is no reason that the model 
zero-point applies exactly to these measurements. As we want 
to use the HST parallaxes as the absolute system, we prefer to 
determine a preliminary PL relation based on IRSB parallaxes, 
and verify that the zero-point of the p (P) relation does not lead 
to a significant shift of the 10 HST Cepheids when adopting their 
HST parallaxes. For this purpose, we only use the Wyi (see Sec. [3] 
for definition) and the PL relations, as the less dispersed rela- 
tions being representative of the optical and infrared bands. 

We first need to define a clean sample of IRSB caUbrators, 
among the 70 stars with available IRSB parallaxes. After rejec- 
tion of 5 known first overtone pulsators, of 2 stars with poor 
data fit, of 3 stars with poor sampling of the K light curve, of 
4 additional outliers, and of 2 long-period Cepheids with vari- 
able periods, we are left with 54 calibrators. The mean residual 
of the 10 stars with HST parallaxes from the two PL relations is 
-0.01 + 0.03 in Wvi and -0.05 + 0.03 in K,. They are not sig- 
nificant, and we th erefore also adopt the zero-point of the model 
p (P) relation from lNardetto et al.l J2007l) . 

If we compare the absolute magnitudes in Wvi and of the 
Cepheids using their ZAMS parallaxes to the preliminary PL 
relations based on IRSB parallaxes, we find in a sample of 26 
Cepheidfl a mean shift of -0.09 + 0.04 mag, corresponding to 
ZAMS parallaxes being too small by 4%. Part of the explana- 
tion of this shift may lie in the assumed Pleiades distance mod- 
ulus in iTurner & Burke ' (2002), which is 5.56, while the most 
accurate value given bv .Soderblom et al.l (|2005|) is 5.63 + 0.02, 
a difference of 3%. However, a tendency to get more discrepant 
parallaxes for long-period Cepheids, as shown in Fig. [1] which 
displays all 30 stars, leads us not to use the ZAMS parallaxes 
in the present study. A possible explanation of this effect is that 
long-period Cepheids are generally assigned to OB associations, 
where the membership is more difficult to establish. The small 
shift of ZAMS parallaxes is the mos t probable explanation to 
the too large zero-point of the lGieren et al. (.2005ft p (P) relation 
(1.58), which was adjusted to make IRSB distances correspond 
to ZAMS ones. 

It is interesting to compare the dispersion of the various in- 
dicators with respect to the preliminary PL relations based on 



' We have rejected as dubious ZAMS parallaxes of GT Car and AQ 
Pup, and long-period stars GY Sge and S Vul 



54 IRSB parallaxes, for which we have 0.15 in and 0.17 in 
Wn- for the HST, the rms dispersion is 0.10 both in and Wvi; 
for the IBW, it is 0.18 in and 0.21 in Wvi, after rejection of 
Y Oph; and for the ZAMS, it amounts to 0.22 in and 0.23 
in Wvi, after rejection of GT Car and AQ Pup. Clearly, the HST 
parallaxes are superior in accuracy to other distance indicators. 

We decided not to average parallaxes for a given star among 
the different techniques, but to use HST parallaxes when avail- 
able (to be consistent with our adjusted zero-point based on HST 
system) and IRSB, IBW or revised Hipparcos parallaxes if not. 
ZAMS parallaxes are not used due to their slight offset. The cat- 
alogue of adopted parallaxes is given in Tab. |6l Suspected first 
overtone Cepheids are marked as 'FO' and will not be used in 
the following caUbrations. 

3. Galactic Period-Luminosity relations 

From the adopted intensity-mean values in the various photo- 
metric bands, the extinction value from Tab. |2] the adopted red- 
dening law from Tab.H] and the adopted parallax from Tab.|6] we 
derive the absolute magnitudes in B, V, R^, /c, J, H and of our 
59 calibrators, listed in Tab. [Tj As the uncertainty of these abso- 
lute magnitudes depend not only on distance uncertainties, but 
also on extinction and reddening law uncertainties, we choose 
not to weigh the derived PL relations. 

The adopted Galactic PL relations are given in Tab. [8] slope 
and intercept correspond to the relation M - a log P + b. Their 
domain of validity extends from 0.57 to 1.65 in logP (3.7 to 45 
days). We also define reddening-free Wesenheit magnitudes for 
the V and bands, and similarly for the B and bands, as; 

Wvi = y-2.55(y-/) (1) 

Wbi = B- 1.866 (B-/) (2) 

where the colour coefficients are computed from the adopted 
reddening law (see Tab. |4|. For the V and /c bands, it is the 
same as the OGLE adopted coefficient ( lUdalski et aljl999l) . The 
PL relations for these two Wesenheit magnitudes, which are less 
dispersed than the PL relations based on standard visible pho- 
tometric bands, are also given in Tab. [8] and data are listed in 
Tab.lH 

Fig.|2|and Fig.|3]display the adopted PL relations in the op- 
tical bands (B V 1^ and Wy) and in the near-infrared (J H 
Ks), respectively. 

4. Comparison of the Galactic and LMC PL relations 

We will now compare our new Galactic PL relations to the LMC 
PL relations. The choice of the LMC PL relations in the visible 
is quite obvious, given the quality of the OGLE sample. The pre- 
cise values of the slopes and intercepts of these relations depend 
on the adopted reddening corrections and on rejection of some 
outl iers and of Cepheids with all kinds of imaginable problems 
(see lKanbur et al.l (|2003|) ). as described in Fouque et al. (2003|). 
For simplicity, we will compare our results to the original OGLE 
relations from lUdalski et all (Il999l) . as updated on the OGLE 
web sit^ see Tab. [8] 

In the infrared, we will use both the iPersson ela n (12004 
relations based on 92 Cepheids with well-sampled light curves 
(22 phase points per star on average), and an OGLE sample 

* ftp://sirius.astrouw.edu.pl/ogle/ogle2/var_stars/lmc/cep/catalog/ 
README.PL 
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Fig. 1. Comparison of absolute magnitudes derived from ZAMS parallaxes (triangles) for 30 stars with the PL relations based on 
54 IRSB parallaxes in W^i and bands (solid lines). The bottom panel shows residuals with respect to the IRSB PL relations. 
Long-period Cepheids appear to be progressively shifted. Rejected stars (see text) are marked with pluses and crosses. 
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0.4 0.6 0.8 1 1.2 1.4 1.6 l.i 
log P (days) 





0.4 0.6 0.8 1 1.2 1.4 1.6 1. 
log P (days) 



0.4 0.6 0.8 1 1.2 1.4 1.6 1. 
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0.4 0.6 0.8 1 1.2 1.4 1.6 1. 
log P (days) 



Fig. 2. Adopted Galactic PL relations in optical bands. 
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Table 6. Adopted parallax of our calibrators. Five different distance indicators have been considered, but only one has been chosen: 
HST (1), IBW (2), IRSB (3), ZAMS (4), HIP (5). Last column lists the available indicators, the first one being the adopted one. 
When a distance indicator is of low quality or leads to rejection, it is given in brackets. FO marks the stars suspected to pulse in the 
first overtone mode. DM means double mode pulsator. 
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0.01 


34 




BGLac 


0.726883 


0.59 


0.03 


3 




CS Vel 


0.771201 


0.33 


0.03 


34 




GH Lup 


0.967448 


0.89 


0.15 


3 




S Vul 


1.837426 


0.24 


0.09 


(34) 




TMon 


1.431915 


0.72 


0.03 


34 




T Vul 


0.646934 


1.90 


0.23 


135 




CV Mon 


0.730685 


0.63 


0.05 


34 




U Vul 


0.902584 


1.46 


0.06 


3 




S Mus 


0.98498 


1.22 


0.08 


35 




SV Vul 


1.652569 


0.46 


0.01 


34 




UU Mus 


1.065819 


0.33 


0.04 


3 

















of 529 Cepheids (0.4 < logP < 1.5) with 2MASS photome- 
try from ISoszvhski et al.l (l2005l) . where the visible light curves 
have been used to transform the single-phase 2MASS measure- 
ments into mean magnitudes. We assume that LCO and 2MASS 
photometry are approximately in the same photometric system, 
which is confirmed by a direct comparison of 18 common stars, 
which shows an unsignificant shift of -0.02 + 0.01 (in the sense 
Soszynski minus Persson) in all three bands. PL relations are 
given in Tab. [8] 

In order to test for a possible change of slo pe at about a pe- 
riod o f 10 days, as advo c ated f or instance by iTammann et alj 
(l2003b and lSandage et al.1 (|2004 . we enlarge the OGLE sample 
with 173 Cepheids from various sources, among which 68 have 
periods larger than 10 days. We are aware that adding these mea- 
surements from different photometric systems and with different 
assumed extinctions may well lead to the kind of systematic ef- 



fects we want to test, so that, in our opinion, a superior way of 
definitively settling this important question will have to await for 
the publication of the OGLE shallow su rvey of LMC Ceph eids. 
Optical photometry mainly comes from lSebo etall (|2002|) . We 
assume the same reddening law as for the Galactic Cepheids. 
Extinction values fo r this additional samp le are adopted from 
ISandage et all ( |2004 Table 1 (85 cases) and lGieren et all ( 1 19981) 
Table 8 (KMS SW-341) when available, or assumed to be 0.1 if 
not (77 cases). The resulting PL relations in B V h are listed 
in Tab. [8] Six Cepheids with logP > 1.8 have been a priori ex- 
cluded from the sample. The final sample sizes after rejection of 
outliers are also listed in that Table. Clearly, the new relations 
have a larger dispersion than the OGLE ones, probably because 
of a lower quality photometry and less accurate extinction val- 
ues in the additional data. However, the slopes and intercepts are 
compatible within 1 a with the OGLE ones. The PL relations 
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Table 7. Adopted absolute magnitudes of the 59 calibrators in 7 photometric bands (from B to K^) and for two Wesenheit indices, 
W^i and IVbi- 



Star 


logP 


Mb 


My 


Mr, 


Mi, 


Mwvi 


Mwbi 


Mj 


Mh 




RT Aur 


0.571489 


-2.31 


-2.84 




-3.40 


-4.28 


-4.35 


-3.94 


-4.15 


-4.24 


QZNor 


0.578244 


-1.83 


-2.47 


-2.85 


-3.15 


-4.21 


-4.29 


-3.67 


-3.91 


-4.01 


SU Cyg 


0.584952 


-2.61 


-3.08 


-3.38 


-3.63 


-4.47 


-4.50 


-4.08 


-4.28 


-4.36 


YLac 


0.635863 


-2.79 


-3.31 


-3.65 


-3.90 


-4.81 


-4.86 


-4.33 


-4.58 


-4.66 


T Vul 


0.646934 


-2.48 


-3.06 


-3.41 


-3.66 


-4.58 


-4.68 


-4.12 


-4.36 


-4.45 


FF Aql 


0.650397 


-2.46 


-3.02 


-3.35 


-3.64 


-4.60 


-4.65 


-4.09 


-4.29 


-4.37 


T Vel 


0.666501 


-2.28 


-2.93 


-3.32 


-3.64 


-4.74 


-4.81 


-4.13 


-4.41 


-4.51 


VZ Cyg 


0.687034 


-2.62 


-3.23 


-3.62 


-3.88 


-4.90 


-4.98 


-4.36 


-4.60 


-4.70 


V350 Sgr 


0.712165 


-2.74 


-3.34 


-3.73 


-4.02 


-5.06 


-5.13 


-4.51 


-4.78 


-4.85 


BGLac 


0.726883 


-2.56 


-3.22 


-3.62 


-3.91 


-4.99 


-5.08 


-4.36 


-4.64 


-4.73 


(5Cep 


0.729678 


-2.88 


-3.47 


-3.87 


-4.11 


-5.11 


-5.18 


-4.55 


-4.82 


-4.91 


CV Mon 


0.730685 


-2.46 


-3.04 


-3.51 


-3.78 


-4.94 


-4.93 


-4.35 


-4.62 


-4.72 


VCen 


0.739882 


-2.45 


-3.03 


-3.40 


-3.68 


-4.68 


-4.74 


-4.16 


-4.43 


-4.52 


YSgr 


0.761428 


-2.57 


-3.23 


-3.63 


-3.95 


-5.07 


-5.15 


-4.45 


-4.75 


-4.83 


CS Vel 


0.771201 


-2.48 


-3.09 


-3.54 


-3.79 


-4.88 


-4.93 


-4.33 


-4.59 


-4.69 


BB Sgr 


0.821971 


-2.74 


-3.45 


-3.88 


-4.19 


-5.35 


-5.45 


-4.70 


-4.99 


-5.08 


VCar 


0.82586 


-2.58 


-3.29 




-4.01 


-5.13 


-5.24 


-4.50 


-4.79 


-4.89 


USgr 


0.828997 


-2.67 


-3.36 


-3.79 


-4.10 


-5.24 


-5.34 


-4.61 


-4.89 


-4.97 


V496 Aql 


0.832958 


-2.63 


-3.39 


-3.85 


-4.16 


-5.34 


-5.48 


-4.67 


-4.95 


-5.02 


XSgr 


0.845907 


-3.31 


-3.82 


-4.17 


-4.43 


-5.38 


-5.40 


-4.87 


-5.10 


-5.17 


U Aql 


0.846591 


-2.97 


-3.65 


-4.07 


-4.35 


-5.43 


-5.55 


-4.87 


-5.12 


-5.21 


T] Aql 


0.855930 


-2.77 


-3.43 




-4.14 


-5.23 


-5.32 


-4.63 


-4.91 


-5.00 


WSgr 


0.880522 


-3.25 


-3.89 


-4.31 


-4.58 


-5.64 


-5.72 


-5.10 




-5.47 


U Vul 


0.902584 


-3.32 


-3.99 


-4.47 


-4.75 


-5.92 


-5.99 


-5.17 


-5.41 


-5.46 


S Sge 


0.923352 


-3.16 


-3.86 


-4.27 


-4.57 


-5.67 


-5.79 


-5.07 


-5.35 


-5.44 


GHLup 


0.967448 


-2.83 


-3.71 


-4.21 


-4.56 


-5.88 


-6.07 


-5.14 


-5.47 


-5.59 


S Mus 


0.98498 


-3.50 


-4.13 


-4.50 


-4.80 


-5.85 


-5.93 


-5.27 


-5.55 


-5.66 


S Nor 


0.989194 


-3.25 


-4.02 


-4.46 


-4.80 


-6.01 


-6.14 


-5.36 


-5.68 


-5.79 


ySDor 


0.993131 


-3.18 


-3.93 


-4.34 


-4.68 


-5.84 


-5.97 


-5.17 


-5.49 


-5.59 


f Gem 


1.006507 


-3.13 


-3.93 




-4.70 


-5.90 


-6.06 


-5.31 




-5.71 


Z Lac 


1.036854 


-3.41 


-4.14 


-4.60 


-4.89 


-6.06 


-6.17 


-5.42 


-5.73 


-5.83 


XXCen 


1.039548 


-3.22 


-3.93 


-4.36 


-4.68 


-5.84 


-5.94 


-5.20 


-5.50 


-5.60 


V340 Nor 


1.052579 


-3.10 


-3.94 


-4.42 


-4.73 


-5.97 


-6.14 


-5.36 


-5.70 


-5.82 


UU Mus 


1.065819 


-3.14 


-3.89 


-4.36 


-4.68 


-5.90 


-6.01 


-5.29 


-5.60 


-5.72 


UNor 


1.101875 


-3.26 


-4.01 


-4.52 


-4.80 


-6.02 


-6.13 


-5.40 


-5.70 


-5.80 


SU Cru 


1.1088 


-3.47 


-4.30 


-4.88 


-5.23 


-6.67 


-6.75 


-5.99 


-6.53 


-6.66 


BN Pup 


1.135867 


-3.64 


-4.42 


-4.89 


-5.23 


-6.48 


-6.60 


-5.79 


-6.11 


-6.22 


TT Aql 


1.138459 


-3.43 


-4.30 


-4.80 


-5.15 


-6.48 


-6.64 


-5.72 


-6.05 


-6.15 


LS Pup 


1.150646 


-3.63 


-4.40 


-4.87 


-5.20 


-6.44 


-6.55 


-5.76 


-6.09 


-6.19 


VW Cen 


1.177138 


-2.94 


-3.87 


-4.43 


-4.83 


-6.31 


-6.46 


-5.55 


-5.95 


-6.10 


XCyg 


1.214482 


-3.76 


-4.66 


-5.17 


-5.53 


-6.88 


-7.07 


-6.14 


-6.48 


-6.60 


CD Cyg 


1.232334 


-3.87 


-4.68 


-5.19 


-5.50 


-6.78 


-6.91 


-6.13 


-6.45 


-6.55 


YOph 


1.233609 


-3.89 


-4.62 


-5.16 


-5.43 


-6.70 


-6.77 


-5.96 


-6.21 


-6.28 


SZAql 


1.234029 


-3.90 


-4.79 


-5.33 


-5.68 


-7.05 


-7.22 


-6.30 


-6.63 


-6.74 


VY Car 


1.276818 


-3.69 


-4.61 


-5.13 


-5.51 


-6.89 


-7.09 


-6.13 


-6.49 


-6.61 


RUSct 


1.29448 


-3.94 


-4.69 


-5.26 


-5.51 


-6.79 


-6.87 


-6.09 


-6.38 


-6.46 


RYSco 


1.307927 


-3.91 


-4.65 


-5.19 


-5.48 


-6.76 


-6.84 


-6.09 


-6.38 


-6.49 


RZ Vel 


1.309564 


-3.83 


-4.66 


-5.14 


-5.51 


-6.82 


-6.96 


-6.13 


-6.47 


-6.59 


WZSgr 


1.339443 


-3.63 


-4.60 


-5.16 


-5.55 


-7.03 


-7.21 


-6.30 


-6.70 


-6.84 


WZCar 


1.361977 


-3.83 


-4.61 


-5.09 


-5.43 


-6.70 


-6.81 


-6.08 


-6.42 


-6.54 


SW Vel 


1.370016 


-4.07 


-4.88 


-5.37 


-5.73 


-7.05 


-7.17 


-6.34 


-6.68 


-6.80 


TMon 


1.431915 


-4.18 


-5.17 


-5.68 


-6.08 


-7.51 


-7.73 


-6.75 


-7.14 


-7.27 


RY Vel 


1.449158 


-4.32 


-5.14 


-5.65 


-5.99 


-7.32 


-7.44 


-6.62 


-6.92 


-7.04 


AQPup 


1.478624 


-4.56 


-5.39 


-5.93 


-6.28 


-7.67 


-7.78 


-6.85 


-7.20 


-7.31 


KNCen 


1.531857 


-4.79 


-5.59 


-6.14 


-6.43 


-7.74 


-7.86 


-7.15 


-7.53 


-7.67 


^ Car 


1.550816 


-4.11 


-5.22 




-6.21 


-7.74 


-8.03 


-6.91 


-7.33 


-7.46 


UCar 


1.588970 


-4.51 


-5.43 


-5.94 


-6.32 


-7.71 


-7.89 


-6.97 


-7.32 


-7.45 


RSPup 


1.617420 


-4.78 


-5.76 


-6.32 


-6.72 


-8.22 


-8.40 


-7.37 


-7.74 


-7.87 


SV Vul 


1.652569 


-4.97 


-5.97 


-6.53 


-6.90 


-8.35 


-8.58 


-7.52 


-7.86 


-7.96 
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Table 8. Adopted Galactic and LMC PL relations: M - a log P + b. Note that intercept error is for the barycenter of data points (no 
slope error included). 



Galaxy 


Source 


Band 


slope a 


intercept b 


cr 


N 


MW 


this work 


B 


-2.289 + 0.091 


-0.936 ± 0.027 


0.207 


58 






V 


-2.678 ± 0.076 


-1.275 ±0.023 


0.173 


58 








-2.874 + 0.084 


-1.531 ±0.025 


0.180 


54 






h 


-2.980 + 0.074 


-1.726 ±0.022 


0.168 


59 






J 


-3.194 ±0.068 


-2.064 ± 0.020 


0.155 


59 






H 


-3.328 ± 0.064 


-2.215 ±0.019 


0.146 


56 






Ks 


-3.365 ± 0.063 


-2.282 ±0.019 


0.144 


58 








-3.477 ± 0.074 


-2.414 ±0.022 


0.168 


58 






Wb, 


-3.600 ± 0.079 


-2.401 ± 0.023 


0.178 


58 


LMC 


OGLE 


B 


-2.439 ± 0.046 


17.368 ± 0.009 


0.239 


662 




this work 


B 


-2.393 ± 0.040 


17.356 ±0.010 


0.272 


714 




OGLE 


V 


-2.779 + 0.031 


17.066 ±0.006 


0.160 


650 




this work 


V 


-2.734 ± 0.029 


17.052 ±0.007 


0.199 


716 




this work 


Rc 


-2.742 + 0.060 


16.697 ±0.020 


0.185 


83 




OGLE 


L 


-2.979 ±0.021 


16.594 ±0.004 


0.107 


662 




this work 


h 


-2.957 ± 0.020 


16.589 ± 0.005 


0.132 


692 




Persson 


J 


-3.153 ±0.051 


16.336 ±0.015 


0.140 


92 




this work 


J 


-3.139 ±0.026 


16.273 ±0.006 


0.128 


529 




Persson 


H 


-3.234 ± 0.042 


16.079 ±0.012 


0.116 


92 




this work 


H 


-3.237 ± 0.024 


16.052 ± 0.005 


0.117 


529 




Persson 




-3.281 ±0.040 


16.051 ±0.011 


0.108 


92 




this work 




-3.228 ± 0.028 


15.989 ± 0.006 


0.136 


529 




OGLE 


W,i 


-3.309 ±0.011 


15.875 ± 0.002 


0.056 


671 




this work 




-3.320 ±0.011 


15.880 ± 0.003 


0.070 


686 




this work 




-3.454 ±0.011 


15.928 ± 0.003 


0.076 


688 




-4 - 



0.4 0.6 0.8 1 1.2 1.4 1.6 1.1 
log P (days) 




0.4 0.6 0.8 1 1.2 1.4 1.6 1 
log P (days) 



0.4 0.6 0.8 1 1.2 1.4 1.6 l.i 
log P (days) 



Fig. 3. Adopted Galactic PL relations in near-infrared bands. 



for the two Wesenheit magnitudes are also given in that Table. 
A comparison of these PL relations with original OGLE ones 
shows that adding long-period Cepheids does not change the PL 
relations significantly. 

Comparison with the Galactic PL relations shows a gen- 
eral good agreement, except perhaps in Wyi and Wbi, where the 
Galactic slopes are slightly steeper. Small remaining differences 
in all bands may be due to the adopted slope of the p(P) relation, 
which is still uncertain. Good agreement can be judged in Wyi 
and Ks from Fig.|4] which displays Galactic data points together 
with LMC PL relations (from this work), using a magnitude off- 
set of 18.40. This offset is the sum of the LMC distance modulus 



and any possible metallicity coiTection. As the same offset seems 
to work both in Wvi and K^, possible metallicity corrections must 
be similar in both bands: for instance, negligible metallicity cor- 
rection in K and a correcti on of 0.13 mag in Wvi, as advocated by 
Ivan Leeuwen et al. I (l2007l) . is in marginal disagreement with our 
findings. Moreover, as most published metallicity corrections are 
small and negative (which if true will make the more metal-poor 
LMC Cepheids intrinsically fainter, at a given period, than their 
Milky Way counterparts, implying a nearer LMC), and taking 
into account the dispersion of the Galactic data points, 18.50 ap- 
pears to be an upper limit to the LMC distance modulus from 
our present study. 
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"T 1 r 
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log P (days) 



Fig. 4. Galactic PL relations in Wyi and bands, superimposed with LMC Ogle relations shifted by a magnitude offset of 18.40. 



5. Summary and conclusion 

The recent publication of accurate HST parallaxes of Galactic 
Cepheids has prompted new studies of the universality of the 
PL relations. However, the small number of measured Cepheids 
with this technique (10) does not allow an accurate determina- 
tion of the slope of the Galactic PL relations. Similarly, the re- 
cent publication of revised Hipparcos parallaxes of Cepheids has 
the same limitation, because few Cepheids have a parallax accu- 
racy better than 30%, and most of them are first overtone pul- 
sators. 

The main effort of the present study has been to increase the 
size of the sample of Galactic Cepheids with known parallaxes, 
using mainly the infrared surface brightness technique. Seventy 
Galactic Cepheids have now been measured by this method, 
among which 54 are suitable to calibrate the Galactic PL rela- 
tions. We have chosen a recent determination of the p(P) relation 
based on hydrodynamical models to derive IRSB parallaxes. We 
verified that the HST parallaxes were compatible in the mean 
with these IRSB parallaxes. Adding five stars from other tech- 
niques, among which the interferometric Baade-Wesselink one, 
we are able to show that the Galactic slopes do not significantly 
differ from the corresponding slopes in the LMC for a given pho- 
tometric band, from B to K. 

This important result shows that applying the well deter- 
mined LMC slopes to galaxies of different metallicity contents 
is warranted. Possible metallicity effects in the zero-point of the 
relations are not studied in the present work, and may still pre- 
vent a precise determination of galaxy distances using Cepheids. 
In the case of the LMC, the true distance modulus (corrected for 
metallicity effects) appears to be smaller than 18.50. 
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